Background and Objectives: Breast cancer is one of the most common cancers among women. Cardiovascular disease is one of the most important complications of breast cancer. The aim of this study was to investigate the effects of six weeks of swimming on malondialdehyde (MDA) and superoxide dismutase (SOD) levels in the heart tissue of mice with breast cancer.
The most important antioxidant enzyme in all aerobic organisms is superoxide dismutase (SOD), which play a direct role in the reduction of active metabolites. Cell proliferation, angiogenesis, inflammation, and cell death pathways are often involved in SOD-mediated cancer prevention (12). Therefore, there seems to be a strong relationship between the level of antioxidant enzymes, especially SOD, and breast cancer progression. Various studies have shown that SOD level in breast cancer patients is lower than that in healthy individuals. This might indicate the potential of the enzyme for treatment of cancer and estimation of patient's survival (6, 13) . It has been reported that some types of exercise such as moderate endurance training could increase SOD activity (14). However, a few studies reported that 14 weeks of endurance training did not affect SOD (15, 16) . In another study, 21 weeks of strengthendurance training showed a significant increase in SOD in middle-aged males (17) . It has been also demonstrated that resistance training is more effective in increasing MDA levels compared to low intensity resistance training (11). Moreover, it has been shown that supplementation and regular exercise in water could reduce IL-6 and MDA levels in patients with breast cancer (18) . Although cardiovascular disease has been reported in patients with breast cancer after chemotherapy, evaluation of oxidative stress markers in the heart tissue before chemotherapy seems essential. There are numerous studies on the effects of exercise on the factors associated with oxidative stress. Although physical activity seems to adjust exercise capacity, no study has yet shown that exercise activity can reduce the effects of markers of oxidative stress and increase antioxidants level in the heart tissue of patients with breast cancer. Therefore, the purpose of this study was to evaluate the effect of six weeks of swimming on MDA and SOD levels in the heart tissue of mice with breast cancer and healthy control mice.
MATERIAL AND METHODS
This experimental study was done on 30 Balb/c female mice (6-8 weeks old) weighing 150-200g, which were purchased from the Pasteur Institute, Iran. After induction of
INTRODUCTION
Breast cancer is one of the most common cancers in females making up 28.9% of all cancers and 17.6% of mortalities among women worldwide (1) . Studies show that inheritance and environmental factors such as diet and physical activity are the risk factors for breast cancer (2, 3) . Patients with breast cancer typically suffer from multiple diseases such as diabetes, obstructive pulmonary disease, heart disease, arthritis and hypertension (3) . Evidence suggests that cardiovascular disease is a main complication of breast cancer before, during and after chemotherapy (4) . Left ventricular dysfunction might be a long-term complication of chemotherapy in patients with breast cancer. However, evidence shows that breast cancer survivors have increased risk of myocardial infarction and coronary artery disease (5) . Nevertheless, it is not clear whether breast cancer itself can cause cardiovascular complications before chemotherapy. Oxidative stress has been prominently known to cause DNA damage, alter signaling pathways, and affect progression of various types of cancer (6) . Free radicals are highly reactive due to presence of unpaired electrons in their molecular orbitals. They can cause cell death by targeting different cell components, especially the plasma and organelle membranes (7) . The imbalance between production of free radicals and antioxidant defense in the living body results in oxidative stress, which plays a significant role in pathogenesis of various diseases (8). Malondialdehyde (MDA) is a highly reactive dialdehyde produced via peroxidation of unsaturated fatty acid in the human body. Amount of lipid peroxidation could be evaluated by measuring MDA levels in different biological samples, which can be used as a marker of oxidative stress (9). MDA affects the function of molecules and cells and exerts carcinogenic, mutagenic and atherogenic effects by reacting with purines. ROS produces MDA, which deactivates the membrane carriers and promotes carcinogenic effects (10). Increasing evidence supports the role of oxidative stress in the development of various types of cancer. In addition, presence of high levels of MDA in breast tissue of breast cancer patients could be useful for gaining a better understanding of the mechanisms involved in breast cancer (11).
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minutes every day. After total activity time reached 60 minutes on day 11, the subjects performed swimming exercise 60 minutes/day for six weeks (20, 22, 23) . Forty hours after the last session and following 10-12 hours of fasting, all subjects were anesthetized by intraperitoneal injection of ketamine (100 mg/Kg body weight) and zylasein (10 mg/Kg body weight). After opening the chest, heart was immediately removed from the aortic root. After washing the heart tissue with distilled water and accurate weighing, the tissue were kept in a freezer at 80 °C. The levels of SOD and MDA in the heart tissues were measured using enzyme-linked immunosorbent assay kits (Ziegler, Germany) 
RESULTS
After the six-week intervention, the weight of the mice increased in all groups (Table 1) . However, this increase was less significant in the swimming-cancer group compared to the other groups. On the other hand, the volume of the tumor in the Swimming-cancer group had increased, that it was lower than Cancer-control group.
significantly lower SOD level compared to the healthy control group (P<0.05).
breast cancer, the subjects were familiarized with the environment and performed swimming exercise in a pool for a week. The mice were randomly divided into three groups (10 mice in each group): 1. swimming-cancer, 2. cancer control, and 3. healthy control. All procedures were carried out in accordance with the regulations and recommendations for the care and use of laboratory animals. The subjects were kept separately and in transparent polycarbonate cages (dimensions: 15 × 15 × 30 cm, purchased from Razi Rad Co.) with 12:12-h light:dark cycle, ambient temperature of 22 ± 2 °C (humidity 50±5%) and proper ventilation. At all stages of the study, adequate food and water were provided for the subjects. After anesthetizing the mice, tumor mass was rapidly excited under sterile conditions and washed three times with sterile phosphate buffer solution. Subsequently, all mice were anesthetized with intraperitoneal injection of 100 mg/Kg ketamine (Rotexmedia, Germany and 10 mg/Kg xylazin (Bayer Co., South Korea), and a small section (5 mm) of breast cancer tumor was implanted subcutaneously in the upper femur region as described in a previous study (19) . After tumor implantation, the tumor site was examined every day for the formation or absence of tumor (20) . After ensuring the development of breast cancer (21), the swimming group mice were placed freely inside the pool. They instinctively swam in the water after being placed in the water from the neck to the bottom. Duration of this procedure was ten minutes on the first day and increased by five shown in figures 1 and 2, the cancer control group had significantly higher MDA level and addition, SOD level in the heart tissue of mice in the swimming-cancer group increased by 318.7% compared to those in the cancer control group (Figure 4) . and muscle and liver samples, while we measured SOD in the heart tissue of mice with breast cancer. Consistent with our results, some studies reported that moderate exercise and endurance training significantly increase SOD levels (24, 25) . However, a number of studies reported the opposite (15, 16, 26) . This difference in the results could be due to the type, intensity and duration of the exercise performed by the subjects. It can be concluded that exercise activity improves mitochondrial function in the skeletal and heart muscles, resulting in
The results showed that six weeks of swimming reduced MDA level by 33.56% in the heart tissue of mice with breast cancer compared to the control group (Figure 3) . In
DISCUSSION
In the present study, induction of breast cancer increased MDA level (81.41%) as the oxidative factor and reduced SOD (79.79%) as the antioxidant factor compared to the healthy control group. The results suggest that breast cancer may alter heart tissue oxidative factors that could lead to cardiovascular complications. Meanwhile, the results showed that six weeks of swimming significantly increased SOD levels in the heart tissue of mice with breast cancer. Results of studies on the SOD level in breast cancer patients have been inconsistent (11, 13, 17) . These studies have investigated SOD levels in blood, tumor, exercise (29). It can be concluded that the effect of exercise on oxidative stress markers depends on the exercise intensity and duration.
CONCLUSION
Our results show that six weeks of swimming can modify oxidative factors, which might be effective in prevention of cardiovascular complications in breast cancer patients.
ACKNOWLEDGEMENTS
This article has been derived from a PhD thesis by Dr. Behnaz Vanaky, registered at Iranian Research Institute for Information Science and Technology (No. 3946296).
CONFLICT OF INTEREST
All contributing authors declare that there is no conflict of interest. increased SOD level and decreased free radicals generation and oxidative stress, which all contribute to reduced risk of heart disease in breast cancer (27) . In the present study, MDA level decreased significantly (33.56%) in the heart tissue of mice with breast cancer after six weeks of swimming. This is in agreement with the results of other studies (11, 18), which showed that regular swimming and moderate intensity aerobic exercise can increase resistance against ROS-induced lipid peroxidation and reduce accumulation of oxidized proteins and DNA damage (25) . Inconsistent with our findings, some studies have shown that athletes who perform aerobic and anaerobic exercise have higher MDA levels. This difference can be due to variation in the fitness and physical readiness of the subjects. Previous studies on combined exercise training also reported an increase in MDA levels after
